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Abstract. The young oxygen-rich supernova remnant E0102-72 in the Small Magel-
lanic Cloud has been observed with the High Energy Transmission Grating Spectrom-
eter of Chandra. The high resolution X-ray spectrum reveals images of the remnant in
the light of individual emission lines of oxygen, neon, magnesium and silicon. The peak
emission region for hydrogen-like ions lies at larger radial distance from the SNR center
than the corresponding helium-like ions, suggesting passage of the ejecta through the
”reverse shock”. We examine models which test this interpretation, and we discuss the
implications.
BACKGROUND
1E0102.2-7219 (hereinafter referred to as E0102-72) is a young (∼1000 years)
oxygen-rich supernova remnant (SNR) in the Small Magellanic Cloud. E0102-72
has been observed at all wavelengths: in the optical [1] [2], UV [3] [4] , radio [5],
and in the X-ray [6] [7] [8] [9] [10] [11] [12] [13]. Gaetz et al. have looked at direct
Chandra images of E0102-72 and noted the radial variation with energy bands
centered on OVII and OVIII, suggesting an ionizing shock propagating inward.
This paper addresses this issue through analysis of the high resolution dispersed
spectrum, and reinforces this interpretation.
THE HIGH RESOLUTION X-RAY SPECTRUM
Shown in Figure 1 is the dispersed high resolution X-ray spectrum of E0102-72.
The Chandra observation was made using the High Energy Transmission Gratings
(HETG) in conjunction with the Advanced CCD Imaging Spectrometer (ACIS-S).
The HETG separates the X-rays into their distinct emission lines, forming separate
images of the remnant with the X-ray light of each line. The dispersed spectrum
contains lines of highly ionized oxygen, neon, magnesium and silicon (not shown
in the figure). Detailed study of the line images shows they are distorted along
the dispersion axis due to Doppler shifts associated with high velocity material.
Details and an overview of results are given in Canizares et al. elsewhere in these
proceedings. Here we examine the apparent differences in ring radii seen in Figure 1.
As discussed in detail below, these are likely caused by the changing ionization state,
suggesting the passage of the supernova ejecta through the reverse shock.
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FIGURE 1. A portion of the high resolution spectrum formed by the medium energy gratings.
At right in the figure is the zeroth order, which combines all energies in an undispersed image.
THE IONIZATION/SHOCK STRUCTURE OF E0102-72
Figure 2 compares helium-like and hydrogen-like lines of oxygen. The dispersed
OVII Resonance line from the helium-like triplet (left) is displayed next to the
hydrogen-like OVIII Ly α line (right) on the same spatial scale. The ring diameter of
the hydrogen-like line is obviously larger than that of the helium-like line. The ring
diameters of these lines were measured by tracing the distribution in the direction
orthogonal to the dispersion axis, as shown in Figure 3. (By taking the distribution
in the cross-dispersion direction, the result is largely independent of Doppler shift.)
The He-like OVII distribution is nestled cleanly within the OVIII, and is measurably
narrower in Figure 3. The ring diameters for all the bright lines were measured
FIGURE 2. The OVII Resonance line is
emitted from a region of smaller radius than
that of OVIII Lyman α.
FIGURE 3. The OVII Resonance distribution
is narrower than that of OVIII Lyman α.
similarly, and the results are shown on Figure 4. All of the hydrogen-like lines lie
outside the corresponding helium-like lines. After passage of a shock, an ionizing
FIGURE 4. Ring diameter vs energy for
the bright lines. Note that all the hydro-
gen-like lines (connected by the top curve)
lie outside their helium-like counterparts.
FIGURE 5. Helium-like NeIX Resonance
line reaches its peak emissivity at logτ=10.0,
earlier than hydrogen-like NeX Lyman α,
which peaks at about log τ=11.0 sec/cm3
plasma at a fixed electron temperature T
e
will achieve a He-like state before it
reaches a H-like state. This is shown in Figure 5, where the appropriate timescale
is the ionization parameter τ=n
e
t, where t is the time since passage of the shock
and n
e
is the electron density [14]. Since the H-like state lies outward of the He-like
state in E0102-72, this suggests the action of a shock moving inward relative to the
ejecta - the ‘reverse shock’ which is the standard model for the mechanism which
heats SNR ejecta to X-ray temperatures.
FIGURE 6. Measured diameter vs τ at
peak emissivity. O7 is an upper limit for τ .
We applied a simple model in which a
homogenous mix of ejecta is shocked
to a fixed T
e
of about 1 keV or log
T
e
=107.05 (as suggested by our global
NEI analysis [11]). We estimated τ
by finding the peak emissivity (as in
Figure 5). A plot of measured di-
ameters as a function of τ is shown
in Figure 6. Although any workable
model must consider many parame-
ters, the monotonic behavior suggests
that these differences in ring diame-
ter are attributable to the ionization
structure resulting from the reverse
shock.
WORK IN PROGRESS AND FUTURE WORK
Our current model calls for further work. For example, by taking the ratio of
the histograms for O8 Lyman α and O7 Resonance from Figure 3, we can examine
the allowed region of paramater space defined by T
e
and τ as a function of radial
position. (This approach as it pertains to the global spectrum is described by Davis
et al [11] elsewhere in these proceedings.) By considering a likely density gradient
in the ejecta and obtaining an appropriate estimate for electron density, we might
obtain a corresponding estimate for the reverse shock velocity. We plan to apply
this shock velocity information to see how it fits with the spatial extent of the
bright ejecta and the presumed age of the remnant.
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